Objective: To study the context in which Hoover described his sign for differentiating hysterical and organic hemiplegia. Background: At the turn of the 20th century, many physicians were looking for signs to distinguish organic from hysterical hemiparesis. In 1908, Hoover described his sign of "complementary opposition." Other signs based on associated movements of the upper extremities, lower extremities, and trunk were also described during and before this period and might have contributed to Hoover's understanding of complementary opposition. Methods: A complete literature review of the original relevant articles by Babinski, Bychowski, Grasset and Gaussel, and Hoover was performed. Results: Several similar maneuvers were described before the Hoover sign. Babinski described the trunk-thigh test in 1897. Bychowski in Warsaw (performed since 1902, published in 1907) and Grasset and Gaussel in Paris (1905) independently described a phenomenon in which the separate elevation of each leg was performed more easily than simultaneous elevation. Moreover, Bychowski, although not emphasizing it as a sign, described what became known as Hoover sign. Hoover sign (1908) has been considered a further elaboration of these previous observations. Interestingly, Hoover had studied in Europe, and although no direct relationship between his discovery and these observations has been elucidated, the authors postulate that he was influenced by Babinski, Bychowski, and Grasset and Gaussel. Conclusion: Although Babinski, Bychowski, and Grasset and Gaussel described similar signs, only Hoover sign is still in wide use by practitioners.
NEUROLOGY 2004;63: [1693] [1694] [1695] [1696] [1697] Near the end of the 19th century and beginning of the 20th century medical practitioners were searching for neurologic examination signs to discern organic paralysis from psychogenic or sometimes called hysterical paralysis. Babinski, one of the well-known neurologists of this period, described several signs, including the extensor plantar response (1896), that were useful in this regard. However, there remained a need for better tests to distinguish organic from hysterical or psychogenic paralysis. Babinski then went on to describe the "trunk-thigh test," which was based largely on "associated movements." When a healthy recumbent person was asked to sit up without using his or her arms, Babinski observed that the sacrolumbar muscles contracted to stabilize the pelvis and that the leg muscles extended and pushed against the surface of the bed. He also observed that when an organic hemiparetic patient was asked to sit up from a reclining position with his or arms held crossed on the chest, the hemiparetic leg flexed upward at the hip (figure 1). In hysterical (or psychogenic) hemiparesis, however, Babinski noted that the patient did not appropriately flex at the hips or would alternatively claim to be unable to perform the request. Babinski also observed in some cases that this type of patient might make various movements (e.g., only the good leg will go up) that were different from the movement of "flexion combinée de la cuisse et du tronc" [combined flexion of the thigh and trunk]. 1, 2 During the first decade of the 20th century, practitioners attempted to describe these "associated movement" phenomena. In this article, we will discuss the original articles in which these types of signs were described (by Bychowski, Grasset and Gaussel, and Hoover), and we will place emphasis on whether there was a relationship between each of these descriptions.
A contribution from Warsaw: Bychowski's "Ersatzphenomän" (1902/1907). Zygmunt Bychowski (1865 to 1934), a neuropsychiatrist who investigated traumatic epilepsy and multiple sclerosis, worked at the Jewish Praga hospital in Warsaw, Poland. 3 In 1907, he described an important phenomenon that he had observed in hemiplegic persons.
If a person suffering from hemiplegia or hemiparesis of cerebral origin, while in recumbent position, is able to elevate the extended good leg, up to H cm and the affected leg not at all or only H' cm (HϾH'), he will only rarely reach the height (H or H'), when requested to elevate the extended legs simultaneously . . . Thus, the good leg remains on the ground almost completely despite several observable muscle contractions. Healthy persons are easily able to elevate both legs simultaneously as high as either leg separately [translation from German by P.K.]. 4, 5 Bychowski also observed that patients with spinal cord disease and polyneuritis were able to perform as well as healthy persons. The phenomenon was best seen in persons after recent hemiplegia. He did not examine patients with hysterical hemiplegia. In a footnote, he stated that although the paper was sent to the editor in July 1906, he had demonstrated the sign several times while working in the department of his previous chief, Dr. Zielinski (Warsaw), and these observations predated his submission by at least 4 years. The delay in submission was because of a stay in Manchuria (in the present northeastern China) in 1905. Because Poland was a part of the Russian empire at the time, Bychowski probably had to serve in Manchuria during the Russo-Japanese War of 1904 to 1905. After he returned to Poland, he read Grasset and Gaussel's 1905 article in the Revue Neurologique on a sign similar to his own. In his German article (1907), Bychowski explained his observation as one of central substitution (i.e., that the normal cerebral hemisphere replaces part of the function of the damaged one): "the less individualized a synergy, the earlier it originated in phylogenetic regard, the faster it will be replaced by the undamaged hemisphere." 4 Therefore, the leg was supposed to recover sooner than the arm. In October 1907, Bychowski published an article in the Revue Neurologique in which he repeated the fact that Grasset and Gaussel observed the same phenomenon independently. 6 He also noted that Grasset, although labeling it "ingenious," had rejected his central replacement theory.
It was a great pleasure to learn that the phenomenon had also been observed by a person of such high authority; but with regard to the explanation of the phenomenon presented by professor Grasset, I find, to my regret, that it is little convincing and not compatible with facts from experience [translation from French by P.K.]. 6 Grasset's theory was that to allow for movement in a certain joint, there should be stabilization of neighboring joints. Bychowski criticized Grasset's theory, pointing to inconsistencies and describing it as too simple. Bychowski believed that by this explanation, the sign would not be specifically useful for hemiplegic patients. He thought the intact hemisphere controlling the (ipsilateral) affected leg should explain this phenomenon.
Quand on ne soulève qu'une jambe, c'est bien l'autre qui sert, entre autres, de point d'appui, on peut s'en convaincre facilement en interposant la jambe immobile entre la main et le lit; car on a la sensation nette d'une pression notable sur la main, dès que le sujet soulève l'autre jambe.
[When a person elevates only one leg, it is the other that, among others, serves as a point of support; one is easily able to convince oneself by interposing the immobile leg between the hand and the bed; because one has the clear sensation of a notable pressing on the hand, as soon as the person elevates the other leg; translation from French by PK]. 6 This is an important section of the article. In arguing against the theory of Grasset and Gaussel, Bychowski almost described what was later known as Hoover sign. However, he made a mistake in his description (the hand should be placed between the leg and the bed) and never emphasized this as an important phenomenon to distinguish between organic and hysterical paralysis.
Another interesting point in Bychowski's description is the name he imparted on it. In his German text, 4 he called the phenomenon "Ersatzphenomän" (substitution phenomenon). Reading Babinski's 1897 article, we find the term "Ersatzbewegungen" (substitution movements). The international understanding of these movements, although flawed, provided a basis for the exploration of their use as clinical examination signs. In explaining the phenomenon of associated movements, Babinski referred to explanations offered by German physicians, including Hitzig, Senator, Sander, and Koenig, who hypothesized the action of anatomic centers in the cerebral peduncles or spinal cord as responsible for associated movements by combining cerebral excitations. Interestingly, examining these coincident ("Mitbewegungen") and substitution movements ("Ersatzbewegungen"), the Germans mentioned reflex movements appearing after pinpricking the sole of the foot (!). 7 They had a notion of the anatomic wiring in the brainstem and spinal cord resulting in fixed movement patterns coordinating agonist and antagonist muscles. Therefore, the increased efforts to move a paretic limb could easily result in coincident and substitution movements. 7-9 Babinski did not completely agree with these explanations, but these were the important international hypotheses of the time that led these investigators to describe their signs. 1 Although Bychowski did not refer to Babinski's, Hitzig's, or Senator's articles on the subject, the central explanation of his sign indicates that he most probably was aware of these ideas. Several signs indicate that in hemiplegics, the movements in the affected leg are easier when they are associated and bilateral than when they are dissociated and effectuated by that leg in isolation. . . . Involuntary movements provoked in the paralytic leg by voluntary contraction of the muscles of the opposite side, voluntary movements of that limb that are turned more energetically under the same influence [translation from French by P.K.].
However, the authors pointed out an exception to this rule, as observed in four of their hemiplegic patients.
. . . indeed, the patients of Mr. Grasset and Mr. Gaussel could elevate their two lower limbs separately, but not simultaneously] (italics by the author).
Grasset and Gaussel explained that to check for the sign, the patient is asked to lie on the bed with his or her arms crossed and a space between the legs. The patient should then elevate each leg separately and subsequently both together. The patient will execute the first two movements but is unable to perform the third. It will even be clearer if the para-lyzed leg is elevated; as soon as the good leg is elevated, the paralyzed leg will fall down. Two conditions should apply to carry out the test: 1) the hemiparesis should not be complete (which is obvious); and 2) the paresis should involve certain muscles that play a role in the stabilization in a sufficient way.
Grasset and Gaussel also explained that the study of the difference between the two actions would reveal that when one leg is elevated, the stabilized part that serves as a point of support (abutment) is effectuated by the trunk and the other inferior limb, in the second case by the trunk only, so that it is the muscles of the lumbosacral mass that should take care of the stabilization of the pelvis. A healthy person, lifting 15 kg with one leg, would only be able to lift 10 kg when simultaneously lifting the other leg. The author/reporter opined that the Grasset-Gaussel phenomenon deserves a place for the diagnosis of the motor disturbances in the organic hemiplegic patient, along with the sign of Babinski (the way by which the patient, recumbent on his or her back, tries to sit without the help of his arms). ". . . it is particularly for the differential diagnosis between the organic paralyzes and the neurotic paralysies" (the term "névrose" at the time still had another meaning than neurotic. . .). The stabilization constitutes a purely automatic process, which is distinguishable from voluntary acts. ". . . the hysterical patient will not elevate the paralyzed leg separately nor simultaneously with the other leg, or he elevates it in both circumstances." 10 The author added that what has been said for organic hemiplegia is also true for paraplegia.
Charles Franklin Hoover: the Hoover sign.
Charles Franklin Hoover (1865 to 1927; figure 3 ) had traveled extensively in Europe when he described his sign in 1908. He visited several clinicians, including Charcot's former pupil Pierre Marie (1853 to 1940) in Paris (1905 to 1906). 11 It is unknown whether Marie and Hoover spoke about the Babinski trunk-thigh sign or other associated movements. Hoover might have heard or read about it because this was the period in which Grasset and Gaussel published their article. Hoover would later remark about the shortcomings of Babinski sign. He was aware of Babinski's findings and their importance to his sign as he demonstrated by reading, "the Significance of Coordinated Reflexes in Differentiating between Functional and Anatomic Diseases of the Nervous System," before the Academy of Medicine of Cleveland, March 19, 1909 . "If paresis of one lower extremity is due to an interruption of the crossed pyramidal path we expect with confidence to find the knee jerk exaggerated and the dorsal flexion of the great toe to follow irritation of the plantar surface in the method described by Babinski." 12 Hoover described his sign in 1908 after having observed it in many hemiparetic patients for 2 years. He found it lacking in two malingering and two hysterical cases. I feel justified in attaching great importance to the sign because it is dependent on a normal function, which I find always exhibited in healthy persons and invariably present in the sound leg of patients suffering from hemiplegia or paresis of one leg due to some pathologic lesion. If a normal person, lying on a couch in the dorsal position, be asked to lift the right foot off the couch with the leg extended, the left heel will be observed to dig into the couch as the right leg and thigh are elevated. 13 He noted that the force by which the leg is pushed down, when holding the hand underneath the Achilles tendon, is related to the force by which the other leg is elevated. "This will always occur if the healthy person makes a free and uninhibited effort to lift the right leg." The reverse order can also be tested by asking the patient to press the leg against the surface, in which there will be "a counter-lifting force exhibited in the left leg." He had observed a similar sign in the arm but not consistently. Hoover observed that the leg sign was lacking in two cases in which paresis of a leg was claimed in suits for personal injuries. "Furthermore, in both of these cases, when the patient was asked to lift the normal leg off the couch, the leg which was alleged to be paretic was opposed strongly against the surface when resistance was offered to lifting the normal leg." When asked to lift the affected leg, the examiner did not notice the slightest opposition of the normal leg on the surface of the couch. In a genuine paretic leg, "the sound leg would have been firmly opposed against the surface of the couch. . .." 13 Hoover had also observed the lack of complemental opposition in a case of hysterical hemiplegia. He thought the sign was important because it depended on the function of the normal leg. Furthermore, he was still uncertain whether the lack of the sign would always be found in malingerers and hysterical patients and therefore recommended further research. At the end of the article, Hoover compares his sign with that of Babinski, stating that the latter is dependent on the affected side.
I have found Babinski's sign unsatisfactory. The fact that this sign of complemental opposition is always present in normal subjects and in genuine paresis of the lower extremity, and the fact that it depends on an invariable function of the normal side gives it a very broad application. 13 Not long after Hoover's publication, Philip Zenner, working at the Medical College of Ohio, Cincinnati, was able to confirm his findings. 14 Hoover's test in recent years. Hoover sign is based on associated movements in the opposite leg. When a person flexes a hip, the contralateral hip is extended. It is assumed that this is a result of the crossed extensor reflex described by Sherrington. The reflex is active in normal walking and can also be demonstrated in decorticate animals. 16, 17 Although only limited data on its reliability are available, Hoover sign has survived throughout the years. In the 1960s, Hoover sign was evaluated using EMG and clinical scales. The sign was deemed "invaluable in the differential diagnosis in many patients who had real or functional pain or weakness in the back or lower extremities." 18 However, other investigators found the method less consistent and pointed to the variable responses that could be expected, resulting from spasticity, pain, weakness, accompanying sensory abnormalities, and an incomplete understanding of the instructions. These perhaps more cautious investigators advised that the sign should be considered in the context of the complete examination. 19 A new study recently was performed that quantified Hoover sign. A significant difference was discovered in maximal involuntary/ voluntary force ratio between the "paretic" limbs in "non-organic" patients when compared with control subjects and/or organic patients. 20 It recently has been suggested that with respect to the examination of functional weakness, it is important to look for evidence of inconsistency and that Hoover sign is "the most useful test for functional weakness." 16 
